Objectives: Tomographic findings contribute enormously to the accurate diagnosis of malignant lesions in due time and/or at imminent stages. This study investigates CT-scan findings of maxillofacial squamous cell carcinoma and undifferentiated carcinoma. Materials and Methods: CT images of 61 maxillofacial malignant tumors included 42 SCCs and 19 undifferentiated carcinomas were evaluated based on the location, internal density, border, bone destruction and expansion, periosteal reaction, emphysema, calcification, loss of facial and fat plane, and fat plane reticulation, by two expert radiologists separately. The data were analyzed, using Chi-square and Fisher's exact test. Results: Isodense/homogeneous (78.7%) and total heterogeneous enhancement (87.8%) appearance were the most common internal patterns detected before and after injection of contrast, respectively. There was a significant association between borders and pathology of our two lesions (p= 0.007). Conclusions: It is highly unlikely to diagnose the tumor histopathology based merely on its tomography patterns; however it is feasible to determine its aggressive nature.
INTRODUCTION
If the oral cavity malignancy is suspected, the assessment of the malignancy's type, depth of invasion structures and its relation to the surrounding is necessary for treatment planning. 1 Plain radiographs can provide only two-dimensional images, failing to reveal bone destruction and its extent, due to superimposition, and also soft tissue invasion. 2 A recent study attested to the accuracy of CBCT (Cone Beam Computed Tomography) in diagnosing bone involvement in oral malignancies, competing with MSCT (Multi Slice Computed Tomography) and SPECT (Single Positron Emission Computed Tomography) in this respect. Nevertheless, it failed to detect soft tissue involvement. 1 A study conducted by Arya et al showed that the multi-detector computed tomography (MDCT) provides the highest specificity for bone erosion. 3 Mukherji et al. 4 demonstrated that conventional CT with bone and soft-tissue algorithms had a high specificity of 87% for mandibular invasion in oral cavity SCC. In addition, CT scan also obviates the possibility of super-imposition that is why it is the method of choice for diagnosing neoplastic and infectious processes of the paranasal sinuses and maxillofacial region. 2, 5 Another study conducted by Kushraj et alrevealed that CT has an acceptable degree of sensitivity and specificity in detecting bone tumor infiltration. 6 Knowledge and correct understanding of tomographic features of malignant lesions play an essential role in the early diagnosis as well as planning the appropriate treatment of these lesions. Oral squamous cell carcinoma (SCC) represents 90% to 95% of all malignant neoplasms of the oral cavity. 7 Sinonasal undifferentiated carcinoma is a rare tumor with a routinely shown aggressive behavior and poor prognosis for survival. 8 This study was undertaken with an objective to evaluate tomographic findings of maxillofacial SCC and undifferentiated carcinoma.
MATERIALS AND METHODS
CT images of 85 malignant maxillofacial tumors were analyzed. The studies were performed over 4 years between 2001 and 2005. Common malignant tumors in this study were squamous cell carcinoma (42 cases), and undifferentiated carcinoma (19 cases), so in this paper we descried the tomographic features of these two lesions (61 cases).
This study is approved by the research deputyship of Mashhad University of Medical Sciences regarding both ethical and methodological issues. An informed consent was obtained from each individual following offering them full introduction about aims and procedures of the study.
All tumors had a final pathology report. The following CT characteristics were studied: 1. The location of the involvement, which was divided into several areas, including the mandible, maxilla, sinonasal airway, lips, tongue, salivary glands, nasopharynx, skin and muscles. 2. Bone destruction patterns including, geographic or gross (a large defect in cortical bone with trabecular bone destruction), permeative(multiple and separate defects in cortical bone with trabecular bone destruction), and spotty(small defects in cortical bone without trabecular bone destruction) (Figure 1 ). 3. Periosteal reaction, including onion-skin (lift the periosteum off the surface of the cortical bone and then stimulate the periosteum to lay down new bone for more than once), sun ray (new bone formed at right angles to the outer cortical plate), Codmans' triangle(destruction of cortical bone with periosteal reaction at the periphery) and irregular (without characteristic shape) (Figures 2, 3 ). 3. Lesion boundary definition, including ill-defined and well-defined ( Figure 3 ) 4. The presence or absence of emphysema (abnormal accumulation of gas in the lesion). 5. The presence or absence of calcification. 6. The presence or absence of bone expansion. 7. Loss of facial and fat plane, and fat plane reticulation ( Figure 4 ). 8. Internal density: internal density without contrast was classified as isodense (similar to the adjacent muscles), hypodense (less than the adjacent muscles) and hyperdense (higher than the adjacent muscles). They were also homogenous (uniform) or heterogeneous (non-uniform), including isodense-hyperdense, isodensehypodense and hyperdense-hypodense. Internal density with contrast injection included increasing total homogenous or heterogeneous enhancement, rim enhancement and ring enhancement. Images were reviewed in consensus by two radiologists with long experience in CT interpretation blinded to histopathology reports. In cases where the two experts did not concur, a third observer opinion was requested.
Statistical tests were performed, using SPSS software (SPSS Inc., Chicago, IL) Chisquare test and Fisher's exact test.
RESULTS
CT images of 61 patients involved with SCC or undifferentiated carcinoma, 47 males and 14 females, ranging from 19 to 84 years of The most common sites of involvement included the nasopharynx (32.8%) and sinonasal airway (21.3%) respectively.
Isodense/homogeneous appearance (78.7%) was the most common internal pattern detected without injection of contrast in these two maxillofacial malignant tumors. This pattern was more common in SCCs than undifferentiated carcinomas (72.9 and 27.1%, respectively). According to the Fisher's exact test, there was no association between internal patterns before injection and pathology of these two lesions (p=0.31).
Contrast media injection was performed in 67.2% of lesions (41 cases) which total heterogeneous enhancement was the most common pattern (87.8%), whereas total homogenous contrast enhancement was observed only in 12.2 % of cases. SCCs have no total homogenous contrast enhancement. Rim or ring enhancement was not observed in our cases. According to the Fisher's exact test, there was no association between internal patterns after injection and pathology of these two lesions (p=0.29).
Emphysema was observed in 16.4% (10 cases) of the lesions, majority of them (9 cases) were SCCs. However according to the Fisher's exact test, there was no association between emphysema and pathology of our two lesions (p=0.15) (Table1).
Ill-defined borders were found in 93.4% (57 cases) of the lesions, including all SCCs and 78.9% of undifferentiated carcinomas. Well-defined border was observed in four nasopharyngeal undifferentiated carcinomas. According to the Fisher's exact test, there was a significant association between borders and pathology of these two lesions (p= 0.007) (Table1).
Bone expansion and cortical destruction were found in 6.6% and 82% of those lesions respectively, and Fisher's exact test showed no association between two variables and pathology of our lesions (p=0.30 and 0.29, respectively) (Table1).
Geographic and permeative destruction were observed in 75.5% and 32.8% in order. Spotty destruction was not observed in any of the cases. There was no association between type of destruction and pathology of our lesions (Table1).
Periosteal reaction (Codman's triangle) was observed in one patient with mandibular SCC. Loss of facial and fat plane was observed in 59% and 82% of lesions respectively, and there was fat plane reticulation in 26.2% of the lesions. The facial and fat plane destruction and reticulation were more frequently visualized in SCCs, but there was no association between these three variables and pathology of our lesions (p>0.05) (Table1).
DISCUSSION
The most common malignancies found in this study included SCC, undifferentiated carcinoma with the former the most prevalent oral malignancy as well (94%). 7 Non contrast enhanced CT showed that isodense/homogenous pattern in SCC was the most internal pattern. After contrast injection, the most of SCCs showed a total heterogeneous enhancement. There was not calcification in any SCC case. As confirmed by Sigal et al. 9 , the internal density of SCC lesions makes them indistinguishable from adjacent muscles on CT-scan whereas contrast CT provides moderate enhancement and thus differentiation.
Geographic destruction was the dominant view with none showing spotty destruction. Codman's triangle, as a sign of periosteal reaction, could be found in a single SCC case. There was evidence of neither periosteal reaction nor spotty destruction in all 12 cases of SCC studied by Hariya et al. 10 They concluded that permeative destruction is a sign of intra-osseous malignant tumors whereas spotty destruction is indicative of osteomyelitis.
In a study on periosteal reaction resulting from diseases of the jaw, Ida et al. 11 concluded that periosteal reaction was mainly observed in metastatic carcinoma and sarcoma. They also found periosteal reaction in 11% of SCC cases, which does not support our findings.
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highlighted the progressive and destructive nature of the tumors with rare bone expansion. Our few cases with bone expansion can possibly be explained as above.
Our second most common tumor was undifferentiated carcinoma with similar internal patterns to SCC on CT scan, which makes it difficult to be differentiated from SCC. Unlike SCC though, this tumor had a well-defined border in approximately 21.1% of cases, which almost always occurred in nasopharyngeal space with a rather small size and relatively low invasion to the surrounding tissues. However, this lesion had an ill-defined margin in 78.9% of cases. Similar to SCC, geographic destruction was the most frequent type and none of our cases revealed periosteal reaction. In another study with consistent findings with ours, Philips et al. 13 reported 11 cases with sinonasal undifferentiated carcinoma with ill-defined borders and bone destruction. They all showed heterogeneous contrast enhancement with no calcification. Also according to the results listed by Smullen et al. 11 radiographic view of sinonasal undifferentiated carcinoma is indistinguishable from SCC which may present as a soft tissue mass, causing adjacent bone erosion, this result was also consistent with our study.
In conclusion, among all of tomographic variables which evaluated in this study there was a significant association only between borders and pathology of our two lesions. CT cannot be an accurate diagnostic tool in determining the tumor histopathology, yet it can be most effectively used to diagnose the nature of lesion and monitor the progression of the disease.
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